Acute myeloid leukemia (AML) is a common hematologic malignancy of adults. The pathophysiological mechanism of AML is not well understood. The purpose of this study was to examine the crucial miRNAs and mRNAs associated with AML survival.
Background
Acute myeloid leukemia (AML) is a common hematological malignancy with myeloblast proliferation in the bone marrow of adults and children. AML patients have highly heterogeneous disease course and outcomes. According to the FrenchAmerican-British (FAB) classification, AML is defined as having eight subtypes: M0, M1, M2, M3, M4, M5, M6, and M7 [1, 2] .
It has been estimated that 50%-60% of AML patients display cytogenetic abnormalities and significantly heterogeneous outcomes [3, 4] . Cytogenetic abnormalities include chromosomes translocation, inversion, and deletion; some chromosome abnormalities, such as t(8;21), t (16;16) , inv (16) , and t(15;17), predict better prognosis of AML patients. Chromosomes abnormalities, including -5,-7, abn(3q), del(5q) and other complex karyotypes, predict poor prognosis [5] . AML patients with normal karyotypes, FLT3 mutation, and negative mutation of NPM1 possess intermediate prognosis. A number of groups have endeavored to come to an agreement on prognosis risk evaluation of AML chromosomes abnormalities [6] [7] [8] [9] , but discrepancy exists among different group standards. For example, del(7q) is considered to be an intermediate-risk abnormality based on CALGB standards but it is considered to be a poorrisk based on SWOG standards [10] .
Although there has been progress in understanding the mechanisms of pathogenesis of AML, it is still difficult to predict clinical outcomes for AML patients. Over the past decades, the prognostic prediction of AML patients has largely depended on cytogenetic abnormalities. More recently, molecular genetic changes have been identified to predict prognosis and guide clinical treatment. Molecular genetic changes consist of mutations of CEBPA, NPM1, FLT3, and c-KIT. CEBPA mutation and NPM1 mutation (absence of FLT3 mutation) suggest a favorable prognosis for AML patients with longer complete remission duration and overall survival. However, c-KIT mutation suggests an intermediate prognosis, and FLT3 mutation suggests an unfavorable prognosis [11] .
In this study, we applied bioinformatics and univariate Cox regression analysis to identify the miRNAs and target-genes associated with overall survival of AML patients, and aimed to provide valuable information for further AML patient classification and therapy planning.
Material and Methods

Patients and samples
Two hundred study patients with AML were retrieved from The Cancer Genome Atlas (TCGA) data portal. The full clinical dataset was downloaded (up to March 16, 2015) . The exclusion criteria for AML patients were as follows: 1) history of other malignancy; 2) history of AML treatment; and 3) samples with clinical data but without miRNA or mRNA sequence data. In the TCGA database, 49 AML patients had a history of treatment before collection of blood samples and all of them received treatment with hydroxyurea. Overall, 120 AML patients with available corresponding clinical data, including age, gender, race, vital status, and follow-up, were included in our study.
miRNA and mRNA expression data
The miRNA and mRNA expression data (level 3) of the AML patients were downloaded from the TCGA data portal (up to March 16, 2015) . The miRNA and mRNA expression profiling was generated from the Illumina Genome Analyzer sequencing platforms (Illumina Inc., San Diego, CA, USA).
Survival analysis
The association between miRNA expression and overall survival was carried out using univariate Cox regression. A set of miRNAs that significantly correlated with survival was identified with the threshold of p-value less than 0.05. The association between mRNA expression and overall survival was sequentially performed using univariate Cox regression; the threshold was a p-value less than 0.05, which indicated that a set of mRNAs was significantly associated with survival. Hazard ratio (HR) >1 indicated a risk factor associated with AML survival and HR <1 indicated a protective factor associated with AML survival.
Identification of target-genes of miRNAs
To obtain the target-genes of miRNAs associated with AML survival, the miRNAs were integrated into the mirWalk database (http://www.umm.uni-heidelberg.de/apps/zmf/mirwalk/), in which the correlations between target-genes and miRNAs have been confirmed. Six algorithms including RNA22, miRanda, miRDB, miRWalk, PICTAR2, and Targetscan were conducted to predict target-genes of miRNAs. The genes, simultaneously predicted by more than four algorithms, were identified as the target-genes of the miRNAs.
miRNA-target gene network miRNAs associated with AML survival and target-genes associated with AML survival were identified to construct the interaction network using Cytoscape software (http://cytoscape. org). In the miRNA-target gene network, a circular node represented mRNA and a rectangle node represented miRNA, and their association was represented by a solid line.
KEGG pathway enrichment
The underlying functions of target-genes associated with AML survival were predicted by Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis using the GeneCodis software. FDR <0.05 was the cut-off for selecting significant KEGG pathway. 
Statistical analysis
At least three independent experiments were performed for statistical evaluation. The SPSS19.0 program was used for general statistical analysis. The qRT-PCR experimental data were expressed as means ± standard deviation. The statistical significance was evaluated using the Student's t-test; p<0.05 was considered a significant difference.
The peripheral blood samples for qRT-PCR examination were obtained from AML patients diagnosed at the Department of Hematology, Taian City Central Hospital. Our study was approved by the Ethics Committee of Taian City Central Hospital and complied with the Declaration of Helsinki. All participants provided written informed consent to participate in this study.
Results miRNAs associated with survival time of AML patients
The miRNA expression and survival time of AML patients were obtained from the TCGA database and univariate Cox regression analysis was performed. We obtained 14 miRNAs associated with survival time; the threshold was p<0.05, as shown in Table 1 . HR >1 indicated a risk factor and HR <1 indicated a protective factor. In our study, hsa-mir-1201, hsa-mir-1978, and hsa-mir-425 were identified as risk factors, and hsa-mir-10b, hsa-mir-193b, hsa-mir-194-1, hsa-mir-196a-1, hsa-mir-1976, hsa-mir-200c, hsa-mir-23b, hsa-mir-30a, hsa-mir-452, hsamir-509-1, and hsa-mir-589 were identified as protective factors for survival time of AML patients.
mRNA associated with survival time of AML patients
The mRNA expression and survival time of AML patients were obtained from the TCGA database and univariate Cox regression analysis was performed. We obtained 830 mRNAs associated with survival time; the threshold was p<0.05, as shown in Table 2 . We identified 830 mRNAs associated with AML survival including 482 mRNAs identified as risk factors and 348 mRNAs identified as protective factors (data not shown). The top 20 risk factor mRNAs and top 20 protective factor mRNAs associated with survival time (p<0.05) are presented in Table 2 ; POLR3C, TULP2, CIRBP, WNT7A, and FARS2 were the top 5 risk factor mRNAs. SPIC, ZBTB2, VCAM1, AMPD1, and SOX9 were the top 5 protective factor mRNAs associated with survival time of AML patients.
The target-gene prediction of miRNA associated with survival time
The target genes of 14 miRNAs associated with survival time were predicted and target-genes of 12 miRNAs were available in the mirWalk database. A total of 607 miRNA-target gene pairs were obtained, as shown in the Supplementary Table 1. The predictive target-genes of miRNAs ( Figure 1 ) and mRNAs associated with survival time overlapped; 109 predictive target-genes associated with survival time were obtained (underlined genes in Supplementary Table 1) . GTSF1, RTN4R, and CD44 were the top risk factor target-genes associated with AML survival.
Regulatory network construction of miRNA and mRNA associated with survival time To obtain insights into the regulatory relationship between the 12 miRNAs and 109 target-genes associated with survival time, a regulatory network was constructed. As shown in Figure 1 survival time and circular nodes represent mRNAs associated with survival time. The miRNAs hsa-mir-30a, hsa-mir-589, hsamir-10b, hsa-mir-452, and hsa-mir-200c had high connectivity with the mRNAs associated with AML patient survival time, and regulated 27, 24, 22, 22, 21 mRNAs, respectively.
KEGG pathway enrichment
KEGG pathway analysis was used to identify biological functions of miRNA target-genes. In all, 105 of the 109 target-genes associated with survival time were enriched in the KEGG database. Four signaling pathways were significantly enriched, including pancreatic secretion, calcium signaling pathway, natural killer cell mediated cytotoxicity, and Alzheimer's disease, as shown in Table 3 .
qRT-PCR validation of miRNA and mRNA associated with survival
To validate the expression status of miRNAs and mRNAs associated with survival, miRNAs (hsa-miR-200c and hsa-miR-425) and mRNA (IL15RA and CD44) were preliminarily quantified by qRT-PCR. Sixteen AML patients were divided into two groups, a low-moderate risk group and a high-risk group, based on karyotype and gene mutation detection according to the standards of the Medical Research Council. As Figure 2A , 2C, and 2D show, the expression levels of IL15RA (p=0.0003), CD44 (p=0.028) and hsa-miR-425 (p=0.053) were significant upregulated in the high-risk group compared with the low-moderate risk group. As Figure 2B shows, the expression level hsa-miR200c (p=0.033) was significant downregulated in the high-risk group compared with the low-moderate risk group.
Discussion
In our study, hsa-mir-425 was the top risk factor associated with AML survival, as shown in Table 1 . It has been reported that mir-425-5p is upregulated in human gastric cancer and contributes to gastric cancer cell proliferation, invasion and metastasis in vitro and in vivo [12] [13] [14] . Over-expression of miR-425 enhances cell proliferation, colony formation, and cell metastasis in esophageal squamous cell carcinoma by targeting SMAD2 [15] . Ge et al. reported that mir-425 was significantly associated with recurrence-free survival (RFS) and overall survival of chromophobe renal cell carcinoma, and miRNA expression signatures including mir-191, mir-19a, mir-210, and mir-425, were identified as predictors of clinical prognosis [16] .
In our study, hsa-mir-30a was the top protective factor associated with AML survival (Table 1) . Over-expression of BCR-ABL1 is associated with chronic myeloid leukemia; and downregulation of mir-30a enhances BCR-ABL expression and promotes chronic myeloid leukemia tumorigenesis [17] . The MYBL2 gene encodes a transcription factor; and over-expression of MYBL2 could be implicated in tumorigenesis of colorectal cancer and AML [18, 19] . In AML, MYBL2 over-expression is associated with the miRNA-30 family (including mir-30a, mir-30b, mir-30c) and predicts unfavorable prognosis of AML patients [19, 20] .
CD44 was one of the top three risk factor target-genes associated with AML survival. A number of studies have reported that CD44 is associated with AML survival. In elderly patients with refractory AML, the overall survival of patients with PTEN-positive and CD44-negative expression is longer than patients with PTEN-negative and CD44-positive expression [21] . Knockdown of CD44 enhances chemo-sensitivity of AML cells to adriamycin (ADM) and cytosine arabinoside (Ara-C) [22] . CD44 activation enhances primary acute monoblastic leukemia blast survival and increases apoptosis resistance of THP-1 monoblastic leukemia cells. Moreover, CD44 activation upregulates the expression of anti-apoptotic Mcl-1 protein, which is essential for apoptosis resistance of THP-1 cells [23] . Calcium signaling pathway was one of the significantly enriched pathways in our study (Table 3) . Calcium can act in signal transduction resulting from activation of ion channels or as a second messenger. Calcium signaling through ion channels is important to maintain depolarization of the heart and neuronal synaptic transmission. Calcium ions play a vital role in muscle contraction, neuronal transmission, cell motility, cell growth or proliferation [24] [25] [26] [27] . It has been reported that calcium signaling pathway is related to progression and development of various cancers including lung adenocarcinoma [28] , colorectal cancer [29] , glioblastoma [30] , breast cancer [31] , and Burkitt lymphoma [32] . Calcium signaling pathway may play a key role in the progression and development of AML.
Natural killer cell mediated cytotoxicity was one of the significant enrichment KEGG pathways in our study (Table 3 ). Natural killer cell mediated cytotoxicity contributes to the innate immune response against numerous malignancies. Progression and development of malignancy is promoted by tumor cells escaping from immune surveillance of immune effector cells, including natural killer cells [33] . The phenomenon of tumor cells escaping from immune surveillance is observed in numerous malignancies including breast cancer [34] , head-and-neck squamous carcinoma [35] , and leukemia. Leukemia stem cells play a central role in the relapse and refractory of AML. Leukemic stem-like cells from AML cell line KG1a cells are resistant to chemotherapy and natural killer cell-mediated cytotoxicity [36] . Acute lymphoblastic leukemia could resist natural killer cell-mediated cytotoxicity [37] .
Calcium signaling pathway and natural killer cell mediated cytotoxicity correlate with the progression and development of numerous tumors. It has been suggested that these two pathways may play key roles in AML progression and contribute to AML survival.
We identified the miRNAs and target-genes associated with AML survival. In our study, IL15RA, TNIP1, CD44, and hsa-mir-425 were risk-factor miRNA/target-genes associated with AML survival. In addition, hsa-mir-10b and hsa-mir-30a were protective-factor miRNAs associated with AML survival. As Figure 2 shows, IL15RA, CD44, and hsa-miR-425 were obviously upregulated in the high-risk group, and hsa-miR-200c was significantly downregulated in the high-risk group compared with the low-moderate risk group of AML patients. The qRT-PCR results were in accordance with other study results.
There were limitations to our study. First, although the miRNAs and mRNAs associated with survival time of AML patients identified in our study may have implications in the understanding of AML tumorigenesis and development of targeted therapy of AML, the roles of identified miRNAs and mRNAs in AML need to be further explored in laboratory work. Second, although we obtained miRNAs and target-genes associated 
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with AML survival, we did not construct a prognostic model of AML survival. In future work, we will use miRNAs and target-genes to construct a prognostic signature to predict survival time of AML patients, and then verify the prognostic signature through clinical observations.
Conclusions
A number of miRNAs and mRNAs that correlated with survival of AML patients were identified in our study, which might provide valuable information for identification of potentially prognostic biomarker for AML survival.
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Supplementary Table 1 . The target-genes of miRNAs associated with AML survival.
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